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Heart disease is the leading cause of death among adults in the United States and 
more than 600,000 people per year die when the condition goes untreated. Many 
cardiovascular maladies, such as high blood pressure and heart disease, can be markedly 
improved with lifestyle changes, including eating a healthy diet and regular exercise. In 
this study, 15 sedentary adult women (aged 19-63 years) participated in a prescribed 12-
week yoga program. Electrocardiography was used to measure Heart Rate Variability, a 
tool that assesses autonomic tone on the heart. Autonomic nervous system activity is 
assessed at VLF, LF, and HF spectral components. Lower body flexibility improved over 
the 12-week yoga program, indicating the yoga was appropriate as a low-impact exercise. 
There were no significant changes in HRV from baseline to the end of 12 weeks. 
Therefore, it is likely that a higher intensity exercise program over a longer time-course is 
needed to increase heart rate variability. 
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Heart disease remains the leading cause of death among adults in the United 
States, and more than 600,000 people die each year when their condition goes untreated 
(Heron, 2016). Obesity is one factor contributing to heart disease, and in 2008, obesity-
related medical expenses were estimated to be $147 billion per year and rising 
(Finklestein et al., 2009). Many cardiovascular maladies, such as high blood pressure, 
diabetes mellitus, heart disease, and metabolic syndrome, can be markedly improved with 
lifestyle changes including eating a healthy diet and regular exercise (Pate, Pratt, Blair et 
al., 1995; Shaw et al., 2006). There are a variety of reasons people choose not to 
incorporate physical activity and proper diet into their lifestyle, though they understand 
the benefits. This is a growing public health problem with economic impacts that could 
potentially be reduced with non-invasive therapies (Wang et al., 2011). The problem of 
increasing funds needed to support obesity related healthcare affects private payers as 
well as taxpayer supported programs, such as Medicaid and Medicare. Given the 
financial burden to society and high prevalence of cardiovascular diseases it is vital to 
improve understanding and treatment of associated illnesses. 
The American College of Sports Medicine (ACSM) in conjunction with the U.S. 
Centers for Disease Control and Prevention (CDC) recommend adults participate in at 
least 30 min/day, 3-5 days/week, of moderate-intensity exercise (ACSM’s Guidelines for 
Exercise Testing and Prescription, 2014). Someone who may need a reduced intensity 
exercise should still participate in at least 30 minutes of daily physical activity when 
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possible. Leisure time sedentary behavior is considered to be sitting while watching tv, 
reading, or using a tablet or device for more than 3 hours per day, and when physical 
activity performed outside of work obligations occurs for less than one hour per day 
(Nooijen et al., 2017). Additional exercise is critical to further physical activity beyond 
basal metabolic standards because most adults who face obesity are consuming more 
calories than they expend with daily errands (Shaw et al., 2006).  
One of the greatest challenges to regular exercise is lack of commitment and 
eventual failure to initiate or complete physical activity (Crombie et al., 2004). A 
retrospective study by Sperandei, Vieira, and Reis (2015), found that weight loss was the 
strongest motivation of participants to join a fitness facility, but only 3.7% of gym 
members would continue gym activity after 12 consecutive months. Attrition of 
membership in an exercise facility or program may remain high because people tend to 
lose motivation in a program when they do not realize the progress they are making or 
believe that they are getting enough physical activity from daily errands (Crombie et al., 
2004). In a study reviewing barriers to exercise from young children to older adults, high 
costs, poor access to facilities, unsafe environments and the lack of role models were 
commonly cited complaints against participating in exercise (Allender, Cowburn, and 
Foster, 2006). Even older adults who demonstrate a good understanding of the 
physiological benefits of physical activity still fail to adhere to exercise programs, citing 
that physical symptoms (such as joint pain and shortness of breath) and fear for one’s 
safety (going out in the evening) contributed to not participating in exercise (Crombie et 
al., 2004). To reach more people who may avoid fitness facilities, a simplistic procedure 
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that can be learned and later performed as a self-guided exercise at one’s leisure may 
provide a substantial solution to being sedentary.  
Yoga has been lauded as a beneficial and low-impact exercise accessible for a 
wide variety of skill levels and physical statuses. Hatha yoga has been studied as a form 
of exercise to increase fitness at a low-intensity that meets the ACSM’s minimum 
requirement of physical activity, and findings support that the more dynamic yoga 
postures are needed to quantitatively cause change in cardiorespiratory output (Hagins, 
Moore, and Rundle, 2007). A review by Grabara (2016) examined the physical intensity 
of different yoga exercises and found that only yoga that included Sun Salutation poses 
met the ACSM’s requirement for moderate-intensity when performed at the specified 
recommendation for weekly physical activity, however, other posture-based yoga 
interventions fall into the low-intensity category. In this study, the yoga program will 
incorporate both breathing control and postures, first as a beginner course, then gradually 
adding more complex poses to give the sessions the overall intensity to meet ACSM 
guidelines. Yoga also has applications in mental health improvement by effectively 
treating symptoms of anxiety and depression (Gaiswinkler & Unterrainer, 2016). Use of 
yoga as a therapeutic instrument in an elderly population reduced the participant’s 
perceptions of fear and emotional stress after twice-weekly bouts in a 7-week study 
(Lindahl et al., 2016). Yogic breathing and postures may contribute to physiological 
change this study aims to quantify using Heart Rate Variability (HRV). Yoga is an 
appropriate exercise for previously sedentary individuals to start because it is low-
intensity and offers guided instruction for people who struggle in unguided fitness 
facilities and gyms. 
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In addition to improving physical and mental wellbeing, yoga encourages positive 
social interactions that may motivate people to continue exercising. One study examined 
the components of social behavior and motivation, and developed systems to keep 
participants interested in completing the research protocols by emphasizing self-efficacy, 
goal setting, self-monitoring, and social support (Hutchesson et al., 2016). This may have 
allowed people to still feel that they are making worthwhile progress and encourage 
continuation of the intervention by self-motivation. Since a large proportion of adults 
who do exercise in fitness facilities tend to quit within one year (Sperandei, Vieira, and 
Reis, 2015), it seems that interactive, guided exercise with reminders of progress may 
keep participants interested in continuing the intervention.  
In this study, I used an instructor-guided yoga program over the course of 12 
weeks to elicit physiological change in the control of the heart, observable in an 
electrocardiogram (ECG). This instructor-guided yoga is considered low-intensity 
exercise, appropriate for the subjects of the study that are sedentary and would have great 
difficulty engaging in high-intensity exercise and may be at risk for complications 
associated with cardiovascular disease (ACSM’s Guidelines for Exercise Testing and 
Prescription, 2014). Since a low-impact exercise regimen would not be expected to have 
as pronounced results as high-intensity exercise, a sensitive instrument such as HRV, is 
needed to detect minute physiological changes (Stein et al., 1994). Minute changes are 
not easily found when using blood pressure or heart rate patterns for detection because 
these modes of measurement take averages over periods of time, rather than being 
instantaneous enough to gather data between heartbeats, as HRV does.  
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Heart Rate Variability (HRV) is the change in time that occurs between each 
heartbeat. The frequency of heart beats, measured from R peak to R peak in the QRS 
complex, varies at rest (Figure 1). The R-R interval is the preferred marker of HRV 
because R peaks are the most prominent peaks of the ECG. HRV is an underrated test 
that was first used the 1960’s as a means of detecting fetal distress by changes in ECG R-
R intervals that appeared before clinically relevant thresholds of heart rate are met (Hon 
and Lee, 1965; Ernst, 2014). HRV is a useful indicator of sympathetic and 
parasympathetic tone of the autonomic nervous system (Agelink et al., 2001, Pichot et al., 
2016). At rest, the sympathetic and parasympathetic pathways that act on the 
cardiovascular control centers of the brain are generally synchronous, meaning the 
excitatory and inhibitory impulses are matched, and cause fluctuations in short-term and 
long-term oscillations of heart rate (Sarmiento et al., 2013). Parasympathetic activation is 
due in part to the vagus nerve. The sympathetic nervous system is associated with 
excitatory activation of the heart, while parasympathetic nervous system is inhibitory. 
Figure 1.  ECG showing the change in time (s) and heart rate (bpm) between R peaks of the 
QRS complex. This scan shows an increase in R-R interval over a 2.5 s segment of an ECG 




These two facets of the ANS work in opposition to maintain homeostasis in the body 
(Ernst, 2014). The fluctuations are an indicator of HRV, where greater variability 
between beats due to the differences in sympathetic and parasympathetic tone is 
considered a sign of good cardiovascular response to physical activity. The variability is 
an indicator of a response to change where the heart is being affected by a stimulus and 
the sympathetic and parasympathetic nervous systems bringing the heart rate back to 
resting levels. 
When sympathetic and parasympathetic tone are mismatched, HRV tends to 
decrease, meaning the heart’s rhythm fluctuates less than normally expected, even at rest. 
Ventilation can influence HRV because it has a cyclical nature, and during inhalation 
heart rate will increase, and conversely will decrease during exhalation (Lenis et al., 
2016, Zena et al., 2017). Resting HRV decreases as people age and low frequency (LF) 
and high frequency (HF) power of heart rate also decreases with age (Tsuji et al., 1996), 
which is an indicator of cardiovascular autonomic abnormalities (Antelmi et al., 2004). 
LF and HF power refer to the commonly investigated aspects of the frequency-domain of 
HRV, in which time series of data are transformed into frequency components (Ernst, 
2014). The time series data, or time-domain of HRV, measures variation in successive 
heart beat data. HRV has been developed as a tool for identifying stratified risk for 
cardiovascular diseases (Radespiel-Tröger et al., 2003), and improving HRV is associated 
with a decrease in complications of cardiovascular maladies such as diabetes mellitus and 
heart disease by balancing sympathetic and parasympathetic tone of the ANS (Robinson 
et al., 1966). One way to improve HRV is by increasing cardiorespiratory fitness via 
physical activity.  
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I hypothesized that the implementation of a low-impact exercise protocol, such as 
yoga, will increase resting HRV in sedentary adults by balancing sympathetic and 
parasympathetic activity. There are defined standard ranges of HRV determined by 
standard deviation between beats for healthy adults. Known standard values for healthy 
adults indicate usefulness for HRV as a predictor for cardiovascular risk (O’Neal et al., 
2016), that has shown decreased HRV is associated with negative cardiovascular 
prognoses.  By quantifying differences in the individual’s mean variability, I was able to 








 In compliance with human subjects protocols, all recruitment interviews, study 
and yoga descriptions, and physiological measurements were conducted in the exercise 
physiology lab (BS II, room 055) at Wright State University, 3640 Colonel Glenn Hwy, 
Dayton, OH 45435. All participants had a recruitment interview (~10 minutes) to 
determine eligibility in the study and were given a brief project overview (~10 minutes) 
and could ask any questions they had about the project. After participants signed consent, 
physiological assessments (~20-30 minutes each) were taken five times over the course 
of 12 weeks. Participants of the instructor-guided yoga group met for 60 minutes, twice 
weekly, over 12 weeks. A final physiological assessment took place four weeks after 
conclusion of the yoga intervention as a post-yoga assessment. Total time requirements 
for participants are detailed in Table 1. A time control group was also recruited for 
comparing the physiological changes of the yoga participants. For this study, low interest 
in participating in the research was a limitation, so eligible subjects performed the yoga 
intervention, and their baseline (pre-yoga) assessments were compared to their values 
throughout the yoga program. 
STUDY DESIGN 
This study quantified to what degree low-impact yoga exercise can cause a 
significant increase in Heart Rate Variability (HRV) of sedentary adults. This study used 
twice-weekly, instructor-guided Hatha yoga as a means of providing physical activity to 
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the subjects over the course of 12 weeks. HRV was examined at the start and end of the 
yoga group to determine whether 2 hours per week of yoga sufficiently increased 
physical activity to bring about physiological change measured in the control of the heart.  
SETTINGS AND PARTICIPANTS 
 This study took place on the campus of Wright State University: a mid-sized 
university in Dayton, Ohio. Subjects were recruited from students, faculty, and 
employees of the university who fit the research criteria for inclusion (described below). 
Once participants were selected, they were randomly assigned to the yoga program or 
control group. Weekly attendance was recorded by the investigator, present at each yoga 
session, and considered as a factor during statistical analysis. 





Recruitment interview 10 
Explanation of project 10 
Assessment at baseline (0 weeks) 20-30 
Assessment (3 weeks) 20-30 
Assessment at midpoint (6 weeks) 20-30 
Assessment (9 weeks) 20-30 
Assessment at conclusion (12 weeks) 20-30 
Post-intervention assessment 20-30 
Program time (per week) 120 




Inclusion parameters included adults who were sedentary and participated in more 
than three hours of daily leisure-time sitting, as defined by Nooijen et al. (2017), outside 
of daily obligations, such as light walking during the workday, grocery shopping, 
yardwork, etc. Participants were selected if they were in generally good health with no 
uncontrolled illnesses in the past 6 months, did not take any medications that artificially 
change heart rate or blood pressure, and were willing and able to participate in low-
intensity exercise.  
Exclusion parameters were uncontrolled illnesses in the past 6 months, taking 
medications administered to artificially alter heart rate or blood pressure, having poor 
balance that might increase risk for falls and/or injury, or being unwilling or unable to 
participate in exercise protocols.  
Table 2. Baseline subject demographics. 
Age (years) 39.0 ± 15.8 
Height (cm) 164.9 ± 9.6 
Weight (kg) 83.7 ± 29.3 
BMI (kg/m2) † 28.4 (18.1 – 45.2) 
Data are means ± standard deviation. † indicates a nonnormally distributed value presented as 
mean and range of all BMI values. N=15. 
 
RECRUITMENT 
Wright State University’s Institutional Review Board approved a participation 
flier that was placed in public posting areas in buildings across campus where students, 
faculty, and staff are common, such as areas around lecture halls, and study areas. The 
fliers were posted in the Student Union basement and first floor of the atrium, Paul 
Laurence Dunbar Library basement and 1st floor, Biological Sciences building on all 
11 
 
floors, Fawcett Hall basement and 1st floor, Oelman Hall basement and 1st floor, Millett 
Hall on all floors, Rike Hall on all floors, Allyn Hall basement and 1st floor, Student 
Success Center 1st and 2nd floors, and the Medical Sciences building basement. Interested 
persons could directly contact the investigator via email to request further information. 
All potential participants were sent a copy of the informed consent document as well as a 
brief description of expectations of the study. Once the potential participants looked over 
the documents, in-person recruitment interviews were arranged.  
Interviews were all conducted one-on-one with the investigator and documents 
were explained in detail before they were signed. The documents signed for recruitment 
included the same Informed Consent document they were previously emailed, a short 
self-assessment developed by the Canadian Society for Exercise Physiology called the 
Physical Activity Readiness Questionnaire (PAR-Q) (available permission-free at 
http://www.csep.ca/CMFiles/publications/parq/par-q.pdf), and an investigator generated 
questionnaire (“Interview Document” included in the appendix). From this point forward, 
an individual’s name was replaced with a random number identifier and used on all data 
collection and subsequent paperwork. All subjects selected for the yoga intervention were 
recruited at least 24 hours before the first yoga class started. 
PHYSIOLOGICAL ASSESSMENTS 
At baseline and the five subsequent assessments that occurred every three weeks, 
height, weight, perceived stress, ECG with respiration, blood pressure, and flexibility 
were recorded. Baseline assessment measurements for the subjects in the yoga 
intervention were taken at least 24 hours before the first yoga class began, as a basis of 
physiological conditions of each subject’s sedentary lifestyle. Subsequent assessments 
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occurred every three weeks during the yoga intervention (at 3, 6, and 9 weeks) and at the 
end of the program at 12 weeks, after the yoga intervention had been completed. A post-
intervention assessment was conducted four weeks after the end of the yoga program.  
Height was measured using a portable stadiometer (Seca North America, Chino, 
CA, USA) and weight was measured with a Health o meter mechanical beam scale 
(Continental Scale Corp., Bridgeview, Illinois, USA). Height and weight were measured 
to calculate Body Mass Index, where BMI = body mass (kg) / height (m)2. Diet was not 
manipulated, so study subjects were asked to maintain their current diets.  
The Perceived Stress Scale survey (Cohen, Kamarck, and Mermelstein, 1983) was 
administered during each assessment as a measure of how much stress the participant 
sensed in their own life. ECG and ventilation recordings were taken at rest for a duration 
of ~10 minutes with ADInstruments data acquisition systems (Colorado Springs, CO). 
ECGs were recorded using gel electrodes in a bipolar limb lead setup, with a positive and 
negative electrode on the anterior side of either wrist and a ground electrode on the ankle. 
The electrodes did not need to be placed on the subject’s chest, as the above described 
placements gave strong signal of heartbeat conduction, and otherwise may have caused 
discomfort and stress during the ECG scan. HRV is analyzed based on the ECG data, 
where the R peaks of the QRS complex in an ECG are chosen for analysis because they 
are the tallest and most easily recognizable peaks. An example of R peaks used for 
analysis can be seen in Figure 1. Breathing can influence HRV because heart rate 
naturally increases during inspiration, and conversely, decreases with exhalation (Wang 
et al., 2016). To account for breathing related HRV changes, ventilation was recorded 
and measured using a respiration belt (UFI model 1132 Pneumotrace II, Morro Bay, CA, 
13 
 
USA) fitted around the ribcage. Blood pressure was taken manually with a 
sphygmomanometer and stethoscope once on each arm following the ECG scan so that 
the blood pressure values were as close to rest as possible. Mean systolic and diastolic 
values were evaluated separately of one another.  
Flexibility was measured in upper body using the Back-Scratch Test and lower 
body, using the Canadian Sit-and-Reach Test (Figure 2). Upper body flexibility focused 
on the range of motion (ROM) of the shoulders in both arms using the Back-Scratch Test 
(Beam & Adams, 2014). Subjects were instructed to reach up and over one shoulder 
while the opposite arm reached behind the back, with the goal of touching the fingertips 
of each hand together. Distance between closest fingertips were recorded as a deficit, or 
overlap if the subject had more flexibility. Lower body flexibility focused on 
participants’ ability to stretch large muscle groups (the hamstrings and low back 
extensors) during a forward reach of the Canadian Sit-and-Reach Test (Beam & Adams, 
Figure 2. Examples of flexibility tests procedures. The image on the left illustrates the behind the 
back reach of the Back-Scratch Test for upper body flexibility. The image on the right illustrates the 
forward reach of the Canadian Sit-and-Reach Test for lower body flexibility. 
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2014). A 33-cm high box with attached meter stick set at 26 cm at the edge of the box 
was used as the measuring device. After a prescribed 20 second hurdle stretch was 
performed on each leg, subjects removed their shoes and placed their heels against the 
edge of the box, even with the 26-cm mark on the meter stick, with ~5 cm between their 
ankles. With legs straight, but knees slightly bent, subjects reached forward in a steady 
motion along the meter stick with one hand directly on top of the other, head tucked 
between the arms, mimicking a diving position. When the subjects reached as far forward 
as they could, they held the position for 2 seconds, and the distance was recorded. The 
reach was repeated once more and the best reach score of the two trials was used for 
analysis. 
YOGA PROCEDURE 
Alex Keller M.P.H., a certified yoga instructor, designed and led the yoga 
sessions twice weekly with the participants, 60 minutes per session, for the 12-week 
period. The program was designed as a beginner course that gradually increased 
difficulty to the end of the program. The yoga routine involved a version of Hatha yoga, 
one of the most common and widely used forms of yoga, which focuses on postures, 
controlled breathing, and meditation (Lau, Yu, and Woo, 2015). Each class focused on 
simple moves including: balance, reach, push-pull, squat-lift, twist and lunge, which are 
described below. To accommodate various abilities and skills of participants, props and 
modifications were available for all poses. The yoga program performed by the 




The balance poses focused on the ability to maintain a center of gravity through 
static and dynamic balance. The static balance included non-moving poses, such as 
standing in line or standing on one leg, as vrksasana. The dynamic balance moves 
challenged the participant’s ability to maintain balance while moving such as walking on 
the toes, moving alternate arms and legs in coordination, and poses such as 
virabhadrasana III.  
The reach component of the class focused on joint flexibility, stability and 
mobility. This was accomplished with static, dynamic, and isometric stretches. The static 
stretches included extending a muscle to the point of tension and holding it for 30-60 
seconds, for example, paschimottanasana. The dynamic stretches included actively 
moving the muscles through a range of motion in order to increase heat and mobility, 
such as arms circles. The isometric stretches included alternating through flexion and 
relaxation of the muscle. For example, baddha konasana, where hips are in flexion and 
externally rotated with the bottoms of the feet together, the participants then placed the 
hands on the thighs and tried to adduct the legs as the arms pressed down resulting in a 
contraction followed by a period of relaxation. This was repeated several times to elicit a 
relaxation response in the muscles.  
Push-pull motion was accomplished through several different yoga postures, the 
most common was chaturanga dandasana which is a triceps push up. Squat-lift was 
demonstrated in poses such as utkatasana where the body is in a squat position. Squat-
lifts were practiced isometrically, held for 30-60 seconds and repeated several times, and 
dynamically, where participants moved between squatting and standing. Twists were 
practiced while seated, standing and during balancing poses, and were held between 15-
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30 seconds to increase range of motion through the spine. Different twists were practiced 
focusing on different aspects of the spine such as bharadvajasana and modified 
marichiasana. Lunges were practiced each session through several yoga postures 
including virabhadrasana I, virabhadrasana II, and anjaneyasana, which engage the 
core muscles for balance and stability during the lunge.  
The procedure varied for each hourly yoga session, but it did incorporate the 
motions and positions described above. Figure 3 illustrates the average percent of time 
spent over the entire yoga series in either upper body, lower body, whole body, or 
meditation/breathing practice. Upper body included shoulder and arm strengthening and 
stretching exercises. Lower body consisted of movements isolating work of the legs and 
lower back, during balance and forward-fold positions. The whole body component 
generally included both upper and lower body engagement while focusing on the muscle 
groups of the core or back, while both arms and legs were working to complete the move 
Figure 3. Average time breakdown of all yoga sessions, presented as percent of total. 
Components considered were time spent practicing lower and upper body stretch and 











or posture. Breathing/meditation referred to the non-moving posing and relaxation 
techniques, generally performed at the beginning and end of each session. The instructor 
guided the class through various movements in different orders to increase the challenge 
and flexibility of different joints and muscle groups throughout the body. Participants 
were encouraged to request stretches they felt they needed and the instructor would 
integrate that into her own procedure for that session. Any corrections to application or 
form during poses were given promptly to ensure participants’ safety and well-being.  
STATISTICAL ANALYSES 
 All physiological measurement data were recorded in a password-secured 
Microsoft Excel file. PowerLab Pro (ADInstruments, Colorado Springs, CO) and 
CardioSeries (free software at http://www.danielpenteado.com/cardioseries, created by 



















Individual's Power SpectrumVLF LF
HF
Figure 4. Representation of spectral components of a power spectrum plot. Very Low Frequency 
(VLF) band (in blue) from 0 to 0.0033 Hz, Low Frequency (LF) band (in orange) from 0.0033 to 
0.04 Hz, and High Frequency (HF) band (in green) from 0.04 to 0.45 Hz and above. 
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low frequency), LF (low frequency), and HF (high frequency) peaks in an individual’s 
ECG recording, known as frequency-domain analyses, as well as beat specific data of 
total beats and time between heart beats used in R-R interval analysis, known as time-
domain analyses. The number and relative size of the peaks in a power spectra analysis 
indicates the type of activation of the ANS acting on the heart (Wang et al., 2016). Lower 
frequency bands are associated with the sympathetic nervous system. An example of a 
power spectrum analysis, produced using fast Fourier transformation, is seen in Figure 4 
with overlaying frequency bands indicated. I also used the power spectrum plots to 
compare relative changes in autonomic activation in individuals over time. HRV is often 
analyzed by graphing frequency domains to determine what the underlying rhythms 
mean. To generate a power spectrum and compare relative peaks at differing frequencies 
I used CardioSeries software (Figure 10) to interpret the raw data measured from ECGs, 
and then transfer data to Microsoft Excel 2016 to identify at what frequency peaks occur. 
Power spectra were viewed using CardioSeries software settings of interpolation rates at 
1 Hz to view VLF, LF, and HF spectral components, and the length of segment analyzed 
at 512 data points. The interpolation rate does not determine the frequency axis of the 
power spectrum plot, but is used in estimating the occurrence of peaks, not unlike a 
software smoothing curves. The settings were chosen for the best visualization of peaks 
in the power spectrum and were used in all my analyses. 
 In this study, power analyses for sample size were not run, however, based on 
literature for a 12-week intervention (Tyagi et al., 2016), and 16-week intervention 
(Santaella et al., 2011), starting with 20 participants per group exceeds the statistical 
subject requirement for sample size and allows for attrition of subjects. Therefore, I did 
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not expect to have study limitations based on inadequate sample size, assuming at least 
12 participants remained in each group. I retained 15 out of 16 initial subjects (94%) 
throughout the yoga intervention.  
Repeated measures analysis of variance (RM-ANOVA) tests were used to identify 
change in physiological variables (BMI, upper and lower body flexibility, stress, and 
blood pressure) over time within the yoga program group of subjects. RM-ANOVAs 
were analyzed with GraphPad Prism version 6.01, using p<0.05 as the level of 
significance. A paired t-test was used to evaluate difference in flexibility between the left 
and right arm in yoga participants from start to finish of the program, p<0.001. Paired t-
tests were also carried out to identify any changes in mean power with significance set at 
p<0.05. A repeated measures analysis of covariance (RM-ANCOVA) was used for 
analyzing mean R-R interval distance and the standard deviation of the R-R interval 
(SDRR) over time. Increasing age and blood pressure are known to decrease HRV values 
and were included in the model as covariates. RM-ANCOVAs were analyzed with SAS 
version 9.4, using p<0.05 as the level of significance. A Pearson correlation was also 
performed using Prism GraphPad version 6.01 to examine the relationship of BMI on 
SDRR at baseline and 12 weeks, with significance of p>0.05 implying an association 







CHARACTERISTICS OF SAMPLE 
 The population of the yoga participants started with 16 women eligible for the 
study. Ethnicities included 14 Caucasian, 1 African American, and 1 Hispanic identifying 
individuals. One participant left during week 6 of the study due to scheduling issues and 
unforeseen health problems. Although all but one woman finished the study, there were 
some assessments and yoga sessions that were not attended by all participants throughout 
the 12-week intervention. Due to their absences, data shown below have different sample 
sizes. Two of the participants did not come to the last assessment of the yoga program at 
12 weeks, therefore RM-ANOVAs comparing baseline and 12-week data have a sample 
size of 13. Similarly, when further comparing data across all weeks and assessments, 
another participant did not show up for the 16th week post-yoga assessment, thus data 





















Figure 5. Body Mass Index for the sample at every third week of assessment and post-
assessment. BMI remained consistent indicating there was no weight change over time. Data are 





PHYSIOLOGICAL ASSESSMENT DATA 
As expected, there were no changes in BMI (Figure 5) of the subjects over the 12-
week yoga and post-assessment. Flexibility was evaluated in broad terms of upper body 
(Figure 6) and lower body flexibility (Figure 7). There was no change in Upper Body 
flexibility, but there was a significant increase (p=0.02) in the Lower Body flexibility 
b) 
a) 
Figure 6. Mean reach deficits in the left arm (a) were greater than right arm (b), indicating right 
arm flexibility was greater than the left arm flexibility over the intervention; N=13; paired t-test 
p<0.001. There was no significant effect of yoga on upper body flexibility in left or right arm, 
over the 12-week program. Data are shown as mean ± standard deviation; N=12; RM-ANOVA 



























































between week 0 and week 12, and week 3 and week 12. Stress (Figure 8) was predicted 
to decrease over the course of the yoga program, but there was no significant change in 









































Figure 7. Lower Body flexibility was measured using the Canadian Sit-and-Reach Test to assess 
flexibility in the lower back and hamstrings muscle groups. Significant improvement in reach 
distance over time indicates increased flexibility. Data are shown as means ± standard deviation; 
N= 12; RM-ANOVA F1,12= 4.277 p = 0.02 with Holm-Sidak’s post-hoc test. 
 
Figure 8. Perceived Stress Scale scores based on a self-evaluation of stressors in one’s situation, 
over the course of the intervention. Participant’s scores tended to decrease over time, but were not 
significant. A decrease in stress (decrease in PSS score) was expected but not seen. Data shown are 




potential cardiovascular change as decreasing systolic and diastolic pressures, however, 
no change was found in participants over the 12-week exercise program.  
  
Table 3. ANOVA table for physiological data. 
Treatment Sample size F-statistic p-value 
BMI 12 1.205 0.3196 
Upper Body Flexibility - Right 12 1.453 0.234 
Upper Body Flexibility - Left 12 2.687 0.063 
Lower Body Flexibility 12 4.277 0.0211 
Stress 12 2.675 0.0641 
Blood Pressure - Systolic 12 0.5289 0.6465 
























Figure 9. Systolic and diastolic blood pressure measurements showed no change over the 12-week 
yoga and post-assessment. Subjects’ SBP and DBP were within normal range at the start of the yoga 
program, so it is reasonable that there was no change over the study. Data shown as means ± standard 
deviation; N=12; RM-ANOVA p>0.05. 
24 
 
HEART RATE VARIABILITY 
Figure 10.  Sample comparison of an individual’s HRV power spectra at week 0 (a) and week 12 
(b). Plots produced by CardioSeries software program. The x-axis can be manipulated by selecting 
interpolation rate of 1 to 10 Hz, but signal can change depending on the value selected for length of 
points. Power is represented as peaks, with many small peaks (a) signifying low HRV, and singular, 






























0 weeks 12 weeks
Figure 11. Natural log of the mean distance from R peak to R peak in an ECG scan, the R-R 
interval at week 0 and week 12. Natural log was taken to normalize individuals’ data. Data are 




In this study, I assessed HRV using both the time-domain and frequency-domain. 
In the frequency-domain analyses, each peak indicates a relative abundance of interbeat 
frequencies at a specific frequency, ranging from 0.0033 Hz (very low frequency, VLF) 



























0 weeks 12 weeks
Figure 12. Natural log of the standard deviation of R-R interval (SDRR) of the sample at week 0 and 
week 12, used to identify change in HRV. Natural log was taken to normalize individuals’ data. An 
increase in SDRR at 12 weeks that would indicate an increase in HRV was not seen. Data are shown 






























Week 0 Week 12
Figure 13. Natural log of total power of sample shown at 0 weeks and 12 weeks. An increase 
in HRV over time was expected, but there was not significant change over the course of the 
intervention. Data shown as means ± standard deviation; N=13; Paired t-test p>0.05. 
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different frequencies that appear in a power spectrum, calculated as area under the curve 
at each frequency, where area is ms2 and per Hz at each frequency. From the plots in 
Figure 10, there are fewer peaks across a shorter range of frequencies for 0 weeks (a) 
than the taller, more widely distributed peaks at 12 weeks (b), meaning that there is 
higher HRV after the yoga course for this individual. When ECG measurement data were 
translated into power spectra for subjects over the 12-week intervention period I expected 
to see a relative increase in power, measured as area under the curve. In those plots, 
greater HRV is identified by larger, taller peaks across frequencies from baseline to the 
end of the study. Strictly looking at the time-domain analysis, SDRR is used to quantify 
HRV changes. SDRR (Figure 12) was generated from the standard deviation of mean 
lengths (Figure 11) between R peaks in the QRS complex of an ECG. Both mean R-R 
interval and SDRR are presented as logarithmic transformations to account for 
Figure 14. Natural log of mean power of the spectral components of HRV at baseline (blue bars) 
and 12 weeks (orange bars). There is no significant difference between component power. Data 

































differences in individuals’ actual values. Since high variability is a positive index of 
cardiovascular function, an increase in SDRR over time would indicate an improvement 
of HRV. The mean SDRR for the yoga participants from baseline to 12 weeks did not 
change, meaning there was not a significant change in HRV. I compared the participants’ 
SDRR values to normal values of 24.1 ± 16.4 ms in generally healthy adults with short-
term scans (O’Neal et al, 2016). Overall, participants in my study had a higher than 
normal SDRR lengths before and after the yoga study, at 48.5 ± 18.8 ms and 45.6 ± 17.4 
ms, respectively. I also used power spectra to assess the frequency-domain aspect of 


































Figure 15. Representative view of power spectra of the VLF component of HRV from an 
individual’s ECG scan at each assessment. A change in power of the VLF spectrum and where the 
frequency peaks occur can be compared between weeks on the z-axis, illustrated by the colored 
lines in the plot.  
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regarding either total power or change between the spectral components. The values from 
this study of LF power at both 0 and 12 weeks (6.21 ± 1.28 ms2 and 6.16 ± 1.10 ms2, 
respectively) were higher than values from another short-term study (6-minute scans) on 
general healthy people (4.72 ± 1.07 ms2). Again, values of HF power at 0 and 12 weeks 
(5.89 ± 1.16 ms2 and 5.53 ± 1.14 ms2, respectively) were higher in this study than the 
normal values (4.33 ± 1.08 ms2) found by Kuch et al. (2001). Another study presented 
data that were even higher than my data, showing total power as area under the curve to 
be 10.2 ± 6.5 ms2, compared to 7.42 ± 0.93 ms2 of baseline adults in this study (Figure 
13). The spectral components of HRV refer to certain ranges, as discussed above, where 
the power may remain the same, but the peaks may still shift within the range. This has 
y = -0.0155x + 4.2946
R² = 0.0721





























Figure 16. Comparison of mean BMI and natural log of SDRR at 0 and 12 weeks. A Pearson 
correlation found no difference of trendline slope at 0 weeks, p>0.05, but that 12 weeks trendline 




been studied in determining risk in patients with prior cardiovascular disease (Ernst, 
2014). Since importance of an individual’s spectra has implications of risk detection, in 
Figure 15, the VLF component of one individual is shown as changes from week to 
week, with power shifting to the right, indicating a change in neural input, towards 
parasympathetic tone. This change did not appear to occur consistently from week to 







Yoga was tested to determine the efficacy of low-intensity exercise needed to 
bring about significant change in HRV, though I did not find it to produce significant 
change in resting HRV in my intervention. However, flexibility in participants’ lower 
bodies did significantly improve from the start of the study through the end of the yoga. 
Sawane and Gupta (2015) found that their 12-week yoga program induced a significant 
increase in SDRR and total power, thus an increase in HRV. Their yoga practice 
frequency was much greater than in my study, performing six 60-minute sessions per 
week, compared to the two 60-minute sessions my participants performed. Though 
intensity was similar, my subjects may not have practiced enough to show a change in 
HRV. A longer study is needed and continuing a yoga program at the intensity my 
participants performed their yoga would most likely need to be between a 6- to 12-month 
study to see any changes in HRV. 
PHYSIOLOGICAL ASSESSMENT DATA 
Data from the physiological assessments of BMI, upper body flexibility, 
Perceived Stress Scale, and blood pressure did not show significant change over the 12-
week intervention. I did not expect BMI to decrease over the course of the yoga because 
no dietary restrictions were made, and the exercise intensity was low enough to not 
induce change in body mass. However, a Pearson correlation was performed on the 
relationship between BMI on SDRR (Figure 16) before and after the yoga program to 
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observe the possibility of HRV improvement in terms of body composition. At baseline, 
there was no correlation between BMI and SDRR, however, at 12 weeks, the slope of the 
trendline of data was different from 0, implying that improvement of HRV (based on 
increasing SDRR) was seen in individuals with lower BMI, and a decline of HRV in 
individuals with higher BMI. This means that lower BMI individuals may have benefitted 
more from the yoga program than higher BMI individuals. I expect that the slope of the 
line representing the 12-week assessment would need to be higher than the line 
representing the baseline assessment to show an increase in HRV for all subjects. I did 
not expect a change in blood pressure because of the nature of low-intensity yoga and 
because all of the subjects were within the normal range of resting blood pressure at 
baseline, and even with increased cardiovascular activity, resting blood pressure would 
not change drastically.  
In terms of the successful completion of the yoga intervention, I expected both 
flexibility components to increase over the course of the yoga because of the kinds of 
stretching done in the yoga sessions. However, there was only a significant change in 
lower body flexibility. This result is consistent with the average time spent in the yoga 
sessions, as there was more emphasis on lower body stretching and strengthening over 
the entire yoga course (see Figure 3). Lower body components were engaged nearly 3 
times as often as upper body components during all yoga sessions. This may indicate that 
the upper body work was not performed at a high enough rate in this study to bring about 
improved flexibility in subjects as expected. Throughout the course of assessments, 
subjects would voluntarily report about specific stressors, though they were never 
prompted to do so, such as increased schoolwork and preparation or strain in personal 
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relationships. Towards the end of the yoga program, subjects reported stress associated 
with the end of the semester, as students’ and faculty members’ obligations were 
becoming greater.  
HEART RATE VARIABILITY 
Ease of using electrocardiography as a mode of measurement has enabled the 
popularity of HRV and devices can easily produce the automated data for use in clinical 
and research settings. The appearance of ectopic beats, missing points, noise effects, and 
errors change the power spectral density of HRV, which are highly important because 
most analyses depend on successive heart beats. For frequency-domain analyses, 
LabChart software allows investigators to add beat markers to account for missed peaks, 
so that more sections of data can remain in the set to be analyzed, resulting in less 
analytical error. Even simpler methods of recording, such as heart rate monitoring 
devices, can be used to generate useful HRV data in time-domain analyses of successive 
beats and SDRR, used in this study. In this study I expected HRV to increase in the adults 
who participated in the yoga intervention, indicated by an overall increase in power from 
baseline scans to the end of 12 weeks (Figure 13), as well as increases at each of the 
VLF, LF, and HF components from baseline to 12 weeks (Figure 14). 
I expected HRV to increase in the adults that participated in the yoga intervention. 
To test this, I analyzed and quantified HRV in terms of standard deviation of beat-to-beat 
intervals (SDRR) and compared those values to time-control subjects’ SDRR in 
literature. My study’s values were double the literature standard values. Though the 
length of scans were similar between my study and the literature values, I had a much 
smaller population (n=15) compared to O’Neal (n=1175), which is likely to have skewed 
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my results in comparison to larger studies. Stein et al. (1994), suggested that in people 
with previous heart-related illness, such as myocardial infarction, SDRR <50 ms may 
implicate the individuals are at increased risk for cardiovascular illness or death in the 
future. This contradicts the normal values determined by O’Neal’s study of generally 
healthy adults. I also used power spectrum plots to compare relative changes in 
autonomic activation in individuals over time. Short-term recordings were appropriate for 
attaining data and more practical than having participants wear Holter monitors for 24 
hours. Short-term HRV scans are usually 2-5 minutes, and sometimes up to 10-20 
minutes in length (Ernst, 2014). Frequency-domain analyses are more meaningful in 
short-term HRV scans than long-term 24-hour scans since there is a lower incidence of 
the variables that influence HRV being highly correlated to each other (Task Force, 
1996). A test only requiring a few minutes of data collection and software that can easily 
produce interpretable results make HRV a straightforward test for use in clinical practice. 
There are two main categories of analyzing HRV, the simpler time-domain and 
the more dynamic frequency-domain. As previously described, short-term scans typically 
rely on information from the frequency-domain analyses, looking at the spectral 
components of power. LF and HF components have been studied more in depth than 
VLF, which is typically associated more with long-term scans. I assessed changes in total 
power and the spectral components at 0 and 12 weeks and though there was not a 
significant change over time for total or spectral component power, my participants had 
higher values for both spectral and total power compared to the standard power values 
(Kuch et al., 2001, O’Neal et al., 2016). The discrepancy is likely due to the fact that my 
sample size was very small and with large differences between subjects, the values for 
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the sample could be heavily swayed due to an exceptionally high or low value of a single 
individual, which would not have as strong of an effect with a large sample, better 
representing the population. Decreased power in VLF, LF, and HF bands have been 
associated with increased mortality in patients that have suffered myocardial infarction 
(Wang et al., 2016). Frequency-domain is used to assess vagal function of the heart, often 
linked to the parasympathetic activation.  
Though Heart Rate Variability has been studied for several decades, but has only 
in recent years been considered useful as a tool in recognizing cardiovascular autonomic 
control problems. HRV can refer to either the change in instantaneous heart rate or the 
interval between R peaks of the QRS complex in a scan (Task Force, 1996), I chose to 
use difference of R-R intervals to categorize and analyze HRV, measuring time between 
peaks in milliseconds. In this study, I intended to develop an exercise protocol that might 
improve HRV in people at risk of cardiovascular diseases due to a sedentary lifestyle. 
Since a large portion of the adult population is sedentary and do not or cannot participate 
in high intensity exercise, there is a need for an easily accessible means of low-intensity 
physical activity.  
Since there is no significant change in HRV over the 12-week intervention, it may 
mean either that the duration of the exercise protocols was not long enough or that HRV 
is not affected by such a low intensity exercise as yoga. Since the yoga program of this 
study was designed to be low-impact, it may take longer for the physiological changes to 
accrue and a longer study (6-12 months) may be necessary for effects to be noticeable, or 
the exercise program may need to incorporate more difficult aspects of physical activity 
to contribute to the subjects’ overall physical activity. There have been studies that 
35 
 
review the physical workload of yoga, and there is agreement that Hatha yoga as 
performed in this study does not meet the ACSM’s recommendation for daily activity. 
Unless at least 10 minutes of Sun Salutation poses, high intensity sets of movements to 
increase heart rate, are performed each session, yoga does not elicit enough physical 
activity to be considered moderate-intensity exercise (Hagins et al., 2007, Grabara, 2016), 
which may have been too low of a threshold for cardiovascular change due to yoga the 
participants performed. For sedentary individuals, low-intensity training is the first step 
to safely engaging in physical activity. The participants of the yoga intervention of this 
study should feel confident that they made progress, with significant improvement in 
lower body flexibility, and be motivated to increase physical activity levels to continue 
improving their health.  
LIMITATIONS 
As I alluded to in the introduction, attrition is a serious problem not only facing 
exercise program attendance, but involvement in clinical trials and studies. As with many 
human subject studies, participation was a limitation I had to face as my sample size was 
small and I suspect my population’s normal range of HRV was skewed due to this fact. 
Even in this small study I was able to observe some effect of BMI on HRV. There are 
several reasons a person may break a commitment to a research study, including onset of 
illness, lack of interest, or scheduling conflicts. Though I did have appointments with 
subjects throughout the study that were cancelled and rescheduled, overall, I experienced 
very low attrition, wherein only one of the original sixteen subjects left the study due to 
illness and subsequent scheduling issues. There was also respectable interest in 
maintaining good attendance in the yoga program, as many subjects stated they felt better 
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and had a sense of accomplishment after learning new yoga skills. For older adults, even 
having the correct knowledge of health benefits of exercise may not be enough to 
encourage physical activity (Crombie et al., 2004) Motivation is very important to not 
only start but continue exercise in adults of all ages. 
FUTURE RESEARCH 
Heart Rate Variability has been used for decades as a tool for fetal monitoring, 
but its clinical use has not been commonly used for adult cardiovascular care. Since slight 
changes of interbeat rhythms are easy to record and analyze, and scans can be taken in as 
few as ten seconds, HRV would be an efficient diagnostic tool to further develop for use 
in doctors’ offices and clinics. Many current studies lack a standardized value for HRV, 
or may not report it due to high variability, inferring a need for research on the causes of 
population disparity. Taking a variety of length and frequency recordings of the same 
subjects would eliminate some of the variability of standard values between individuals, 
by understanding fluctuations of their individual stand values and by accounting for 
possible effects of circadian rhythms and how HRV is changing due to the balance of 
parasympathetic and sympathetic tone.  
At the end of the program, a few participants sought out a campus workout 
regimen on their own to remain motivated to exercise. Initially, some people were unsure 
about their ability to get healthy after a lack of exercising, especially after a period of 
years being sedentary. The participants of this study were able to sustain a workout 
program after being sedentary for more than a year, and improved their flexibility. 
Encouraging people to begin physical activity is important, especially here in the 
Midwest United States, where obesity from a lack of physical activity is rampant and 
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costly. Nutrition is an excellent means of weight loss, but exercising improves heart 
health and reduces cardiovascular morbidity. Exercise is a key to healthy living, but often 
people refuse to participate in physical activity, even if they comprehend the benefits of 
exercising. Though exercise is the cheapest option for most of the population to combat 











To determine eligibility to participate in the study, people were given two documents to 
answer about themselves. Based on the inclusion and exclusion criteria, a decision could 
be made as to whether a person was an appropriate study subject. The first document was 
the Physical Activity Readiness Questionnaire (see pg. 36), or PAR-Q. There are 7 “yes 
or no” questions regarding general health situations that might affect one’s ability to 
exercise. If any questions had “yes” responses, further inquiries were made to understand 
whether it would be ill-advised to include the person in physical activity, such as this 
study. The second document was a short questionnaire (see pg. 37) written by the 
investigator. Though similar to the PAR-Q in determining eligibility, it was also used to 
understand each potential subject’s motivations for participating in the research, and 











Study: Effects of Low-Impact Exercise on Heart Rate Variability in Sedentary Adults: A Pilot Study 
 
In order to test my research question regarding the ability of HRV to detect improvements in cardiovascular 
control (and, thereby, cardiovascular health), I need to test my hypothesis on study subjects without external 
(pharmacological, etc.) manipulations of heart rate and blood pressure.  Therefore, I would like to ask you a 
series of questions that will help me establish whether I can include your data in my study.  My exclusion 
parameters are further detailed at that bottom of this document.  Thank you for your interest in participating! 
 
1) Do you understand that this research is a 12-week intervention, requiring six (6) physiological assessments 
to be taken every three weeks from the beginning to the end of 12 weeks?  Yes / No 
a) Control group will not be required to do any additional exercise, but they should maintain current physical activity. 
b) Instructor-guided yoga group will perform two one-hour sessions of yoga, per week. 
 
2) Will you be motivated to continue exercise protocols over 12 weeks in an effort to preserve the efficacy of 
the research?  Yes / No / Unsure at this time 
a) No diet restriction is being placed on any participants, but I would like you to maintain about the same diet as you 
currently have. 
 
3) Do you take any medications that control Heart Rate or Blood Pressure?  Yes / No 
 
4) Are you willing and able to make decisions for yourself about participating in research?  Yes / No 
 




6) About how much exercise do you do in a typical week?___________________________________________ 
 
7) Do you have any additional questions for me to answer?  _________________________________________ 
 
8) If you cannot or choose not to continue the research before 12 weeks are completed, I will conduct a short 
exit interview as to why you had to leave the program. 
 
Exclusion parameters (reasons to decline participation): uncontrolled illnesses in the past 6 months, taking 
medications administered to artificially alter heart rate or blood pressure, having poor balance that might 
increase risk for falls and/or injury, and unwilling or unable to participate in exercise protocols. 
Since this is a pilot study with a small subject sample size (n=40), exclusion parameters are needed. I am looking 
for a population of subjects with similar characteristics to reduce variables that are difficult to regulate within 







PERCIEVED STRESS SCALE 
Since yoga is known to have positive influences on stress in practitioners, I sought a way 
to quantify stress levels in my own subjects using the Perceived Stress Scale (PSS). This 
is a ten-question graded response survey developed by Cohen et al., 1983, with 6 
positively-worded and 4 negatively-worded questions, with corresponding scores based 
on how subjects answered to “Never,” “Almost Never,” “Sometimes,” “Often,” and 
“Very Often.” A higher score indicates higher levels of stress felt by the subject. The PSS 
was administered to each subject at every assessment during the study to monitor changes 
in stress.  
 
 
Never   Almost Never   Sometimes   Often   Very Often 
1) In the last month, how often have you been upset because  
of something that happened unexpectedly?            0                  1            2               3     4 
 
2) In the last month, how often have you felt that you were  
unable to control the important things in your life?           0  1           2   3     4 
 
3) In the last month, how often have you felt nervous and 
“stressed”?                   0   1          2   3     4 
 
4) In the last month, how often have you felt confident about  
your ability to handle your personal problems?             4   3         2                1     0 
 
5) In the last month, how often have you felt that things were 
going your way?                   4   3         2               1    0 
  
6) In the last month, how often have you found that you  
could not cope with all the things that you had to do?           0                1         2               3    4 
  
7) In the last month, how often have you been able to control 
irritations in your life?              4  3        2                   1                 0 
  
8) In the last month, how often have you felt that you were  
on top of things?               4   3        2              1    0 
  
9) In the last month, how often have you been angered because  
of things that were outside of your control?            0  1        2               3     4 
  
10) In the last month, how often have you felt difficulties were  
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